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METHOD OF TREATMENT OF INFLUENZA 



FIELD OF THE INVENTION 
This invention relates to a method of treating influenza virus infections. 
The method includes administering an isomer of guanosine, or a 
pharmaceutical^ acceptable salt thereof, to a subject infected with influenza 
virus. 



BACKGROUND OF THE INVENTION 
Viral infections are a principal cause of illness due to communicable 
diseases that affect the public at large. Of these, influenza viruses, including 
10 types A and B, are a significant factor responsible for causing respiratory 
symptoms as well as systemic malaise; other respiratory viruses include 
parainfluenza 1, 2, 3, and 4, respiratory syncytial virus, and adenovirus. The 
influenza viruses undergo rapid mutation of strains, producing pathogens with 
varying degrees of virulence and severity of symptoms. Recently, influenza 
15 infection has been as high as the fifth leading cause of death from acute 
respiratory disease in the United States (Morbidity and Mortality Weekly 
Report, 36 (1987) 2). 

Influenza virus types A, B, and C belong to the family of 
Orthomyxoviridae. Influenza A and B are significant pathogens in children 
20 and adults causing sever lower respiratory tract disease, whereas influenza C 
can cause sporadic upper respiratory tract illness. Influenza virus is highly 
contagious and can affect large proportions of the population each winter. 
Influenza A epidemics occur about every 2-3 years, whereas influenza B 
epidemics appear every 4-6 years. Symptoms include moderate to high fever 
25 together with chills, headache, myalgia, rhinorrhea, among others. 

Importantly, virus progeny are detectable 24 hours prior to the appearance of 
symptoms, and virus titers peak 24-48 hours after symptoms arise. 

For this reason it is important to have available ways of treating an 
influenza infection. Particularly among infants, the elderly, and those having 
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compromised or deficient immune responses, early treatment of influenza 
could minimize the risk of severe illness, and of morbidity. 

U.S. Patent 4,246,408 discloses the use of 2-amino-8-((3-D- 
ribofuranosyl)imidazo[1 ,2-a]-s-triazin-4-one [I] 
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5 and related compounds as an antiviral agent for RNA type viruses. The 
imidazo[1,2-a]-s-triazine ring system may be regarded as a 5-aza-7- 
deazapurine. As such, compound [I] is an isomer of guanosine in which two 
of the atoms in the heterocyclic aromatic ring of the base have been 
interchanged. An in vitro cell culture assay was adapted in which the 

10 cytopathic effect (CPE) was used as an indicator of antiviral activity (Sidwell 
et al., Applied Microbiology 22:797-801 (1971)). Results are expressed as a 
virus rating having the broad ranges of (a) slight or no activity, (b) moderate 
activity, and (c) marked activity. It was found that compound [I] was markedly 
active against vesicular stomatitis virus, coxsackie B-1 virus and Echo-6 virus, 

15 and moderately active against five rhino viruses. The skilled artisan 

recognizes that these varied levels of antiviral activity against the different 
viruses tested were not predicted or suggested before the experiments were 
done. We are not aware of any use or attempt to use compound [I] as an 
influenza treatment. 

20 There remains a need for an effective method for the antiviral 

treatment of influenza viral infections. There additionally remains a need for a 
convenient method for treating influenza viral infections involving oral 
administration of a solid or liquid dosage form, or for the parenteral 
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administration of a liquid dosage form. The present invention recognizes 
these needs and addresses them. 

SUMMARY OF THE INVENTION 
The present invention discloses a method of treating a subject 
diagnosed or suspected of having an influenza virus infection. The method 
includes administering to the subject a pharmaceutical dosage form that 
contains sufficient 2-amino-8-((3-D-ribofuranosyl)imidazo[1 ,2-a]-s-triazin-4-one 
(compound [I]), or pharmaceutical acceptable salts of 2-amino-8-(3-D- 
ribofuranosyl)imidazo[1,2-a]-s-triazin-4-one, to be effective to treat an 
influenza viral infection. Compound [I] has the following chemical formula: 
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In an important embodiment of the method, the pharmaceutical dosage form 
is a tablet, caplet, or capsule, and additionally includes one or more 
pharmaceutical^ acceptable stabilizers and excipients. In a further, 
significant embodiment of the method, the pharmaceutical dosage form is an 
15 aqueous liquid, and the dosage form further contains one or more 

pharmaceutical^ acceptable stabilizers and excipients. In this embodiment, 
the liquid may be administered either orally or parenterally. In an additional 
important embodiment the dosage form is administered at least once daily 
over a time period of about three to about seven days. The amount of 
compound [I] included in each dosage form should be sufficient to maintain 
pharmaceutical effectiveness in treating the influenza infection over the entire 
time period. Of course, the dosage amount can be adjusted or varied as 
desired to account for the body weight of the patient, severity of influenza, the 
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desired number and frequency of dosage, the desired total duration of 
treatment, and similar factors. 

Thus, one object of the present invention is to provide a method of 
treating a subject diagnosed to be, or suspected of being, infected with 
5 influenza virus, said method comprising administering to the subject a dosage 
form containing a pharmaceutical effective amount of 2-amino-8-(p-D- 
ribofuranosyl)imidazo[1,2-a]-s-triazin-4-one or a pharmaceutical^ acceptable 
salt of 2-amino-8-(B-D-ribofuranosyl)imidazo- [1,2-a]-s-triazin-4-one. 

Another object is to provide amethod of treating a human subject 
10 diagnosed to be, or suspected of being, infected with influenza virus, said 
method comprising administering to the subject a formulation containing a 
pharmaceutical effective amount of 2-amino-8-(3-D-ribofuranosyl)imidazo[1,2- 
a]-s-triazin-4-one or a pharmaceutical^ acceptable salt of 2-amino-8-(p-D- 
ribofuranosyl)imidazo- [1,2-a]-s-triazin-4-one, wherein the formulation is 
15 administered to the subject one to four times per day and for a period of at 
least three days and wherein the amount administered is in the range of 
about 0.5 to about 60 mg/kg body weight per day. 

Still another object of the present invention is to provide a method of 
reducing the risk of a human subject, who may be exposed to influenza virus, 
20 from becoming infected with influenza virus, said method comprising 

administering to the subject a pharmaceutical effective amount of 2-amino-8- 
(B-D-ribofuranosyl)imidazoI1,2-a]-s-triazin-4-one or a pharmaceutical^ 
acceptable salt of 2-amino-8-(B-D-ribofuranosyl)imidazo- [1.2-a]-s-triazin-4- 
one. wherein the pharmaceutical effective amount is daily administered to the 
subject before the exposure or immediately after the exposure and then 
continued for at least five days after the exposure. 

These and other objects and advantages of the present invention will 
be apparent from a consideration of the present application. 
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BRIEF DESCRIPTION OF THE DRAWING 

Figure 1. Dose-response curves describing the percent survival of 
MDCK cells infected with influenza A/Shangdong/09/93 (H3N2) when treated 
with compound [I] (solid curve, closed symbols) compared with cells treated 
with ribavirin (dot-dashed curve, open symbols). 

Figure 2. Dose-response curves describing the percent survival of 
MDCK cells infected with influenza A/PR/8/34 (H1N1) when treated with 
compound [I] (solid curve, closed symbols) compared with cells treated with 
ribavirin (dot-dashed curve, open symbols). 

Figure 3. Dose-response curves describing the percent survival of 
MDCK cells infected with influenza B/Hong Kong/5/72 when treated with 
compound [I] (solid curve, closed symbols) compared with cells treated with 
ribavirin (dot-dashed curve, open symbols). 

Figure 4. Dose-response curves describing viral titer when MDCK cells 
infected with influenza A/Shangdong/09/93 (H3N2) were treated with 
compound [I] (solid curve, closed symbols) compared with cells treated with 
ribavirin (dot-dashed curve, open symbols). 

DETAILED DESCRIPTION OF THE INVENTION 
The present invention relates to a method of treatment of a subject 
having, or suspected of having, an influenza infection. The subject may be a 
human or other mammal; preferably, the subject is human. The method of 
treatment involves administering an effective amount of the compound 2- 
amino-8-(fj-D-ribofuranosyl)imidazo[1,2-a]-s-triazin-4-one (compound [I]) or a 
pharmaceutical^ acceptable salt thereof to the subject. The objective of the 
treatment is to attenuate or ameliorate the severity of the influenza infection in 
the subject, and ultimately to eliminate the influenza infection completely. 
The efficacy of the treatment is reflected in its ability to accomplish such 
attenuation or amelioration. The amelioration or attenuation of the infection 
may include such beneficial effects as reduction of symptoms that may 
accompany the infection, including, but not limited to fever, myalgia, malaise. 
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and inflammation of the upper or lower respiratory tract. Without wishing to 
be limited by theory, it is believed that such attenuation or amelioration is 
accomplished because compound [I] interferes with, reduces, or inhibits the 
ability of the virus to replicate and/or produce progeny virus particles in the 
infected subject. 

The synthesis of compound [I] is provided in U.S. Patent 4,246,408 
and in references cited therein, all of which are incorporated herein by 
reference. 

Compound [I] or pharmaceutical^ acceptable salts thereof are 
incorporated into any of a variety of pharmaceutical dosage forms known in 
the pharmaceutical sciences. Solid dosage forms include, by way of 
nonlimiting example, tablets, gell caps, caplets, and capsules. These solid 
dosage forms may further include any one or more pharmaceutical^ 
acceptable stabilizers and excipients. Stabilizers are included in order to 
impart chemical and physical stability to the active agent and to the dosage 
form itself, such that its shelf life is preserved to an extent that fulfills 
regulatory requirements and consumer needs. Excipients are included as 
required to extend the mass of the dosage form, to provide general chemical 
or physical properties required, and for other purposes leading to acceptability 
20 of the dosage form. 

Liquid dosage forms include formulations intended for oral dosing 
and/or formulations intended for parenteral dosing. These liquid dosage 
forms are generally based on aqueous solutions including compound [I] or a 
pharmaceutical^ acceptable salt thereof, and may further include any one or 
more pharmaceutical^ acceptable stabilizers and excipients. The specific 
identity of such stabilizers and excipients may differ, depending upon whether 
the liquid is an oral or a parenteral dosage form. As with solid dosage forms, 
stabilizers are included in liquid dosage forms in order to impart chemical, 
physical, and microbiological stability to the active agent and to the entire 
liquid dosage form as a whole, such that its shelf life is preserved to an extent 
that fulfills regulatory requirements and consumer needs. Excipients are 
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included as required to provide general chemical or physical properties 
required, and for other purposes leading to acceptability of the dosage form. 
Preparation of pharmaceutical dosage forms is described in detail in 
Remington's Pharmaceutical Sciences, Martin, E.W., ed., latest ed., Mack 
5 Publishing Co., Easton, PA, which is incorporated herein by reference. 

The solid dosage form is preferably administered by oral ingestion. 
Additionally, an advantageous liquid dosage form is likewise administered 
orally. Furthermore, an alternative formulation of a liquid dosage form may be 
administered parenterally, for example by hypodermic injection or by 
10 intravenous infusion. Either dosage form could, if desired, contain 

conventional additives or med.cants to further reduce influenza symptoms. 
Additionally, the dosage form could contain colorants, flavorants, and the like. 

For purposes of this invention, a "pharmaceutically acceptable salt" is 
intended to include those salts which are. within the scope of sound medical 
15 practice and judgement, suitable for use in humans and/or lower animals 

without undue toxicity, irritation, allergic response, and the like and provide a 
medically reasonable risk/benefit ratio. Of course, to be useful in the present 
invention, such pharmaceutically acceptable salts of 2-amino-8-(p-D- 
ribofuranosyl)imidazo[1,2-a]-s-triazin-4-one should provide a similar benefit, 
but not necessarily equal to or better than, as provided by the free compound. 
Pharmaceutically acceptable salts are well known in the art. 

A subject to be treated may be a human or other mammal suspected 
of having an influenza infection, or identified as having an influenza infection. 
Presentation with symptoms of influenza infection, including, but not limited to 
25 fever, myalgia, malaise, and inflammation of the upper and/or lower 

respiratory tract, may lead a knowledgeable specialist such as a physician or 
veterinarian to suspect that the subject has an influenza infection. 
Alternatively, analysis of a clinical sample provided by the subject may lead to 
a diagnostic result positively identifying the presence of influenza virus in a 
30 subject. Any such subjects may be treated by the methods of the present 

invention. Likewise, the methods of this invention may be used to reduce the 
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risk of a subject being infected with influenza. Thus, these methods might be 
used to treat, for example, family members or other such groups (e.g., 
nursing home residents) when one member is diagnosed with influenza. This 
method could also be used to treat subject who are at special risk to influenza 
and/or complications resulting from influenza; such treatments could begin 
before the typical flu season begins and continued through the flue season. 
Such prophylactic use could be used in combination with annual flu shots. 

As used herein, administering an amount of compound [I] that is 
sufficient to be effective, or that maintains pharmaceutical effectiveness, in 
treating an influenza viral infection relates to providing amounts of the drug, 
over an appropriate dosing interval, thai demonstrably attenuates the seventy 
of the symptoms and/or shortens the duration of the disease. It is believed 
that 2-amino-8-(P-D-ribofuranosyl)imidazo[1 ,2-a]-s-triazin-4-one interferes 
with or inhibits the ability of influenza virus to replicate and/or to produce 
progeny virus particles. Pharmaceutical effectiveness relates to providing 
sufficient amounts of compound [I] to achieve attenuation and/or amelioration 
of the symptoms ascribed to influenza, such as fever, myalgia, malaise, and 
inflammation of the upper or lower respiratory tract. Attenuation relates to 
slowing or reducing the appearance of these symptoms. Amelioration relates 
to accelerating recovery from these symptoms once they have appeared. It is 
believed that these effects are due to the inhibitory effect of the drug on viral 
replication. 

Any of the solid or liquid dosage forms defined above are to be used in 
the method of treating the influenza infection. It is shown in the Examples 
that compound [I] provides effective antiviral activity when tested in in vitro 
cell culture assays for interfering with or inhibiting influenza infection of the 
cells. The concentrations at which this effect is observed are generally at 
levels that may be conveniently incorporated into a dosage form of the 
invention and administered to a subject. Depending on the amount of 
compound [I] incorporated into a particular individual dosage form, the 
frequency of dosing is at least once a day, and may be twice, three, or more 



times daily. Likewise, the duration of treatment may be one day. such as the 
day on which a diagnosis of influenza infection is made or the day on which a 
knowledgeable specialist may suspect the presence of an influenza infection 
(either in an individual or a group of closely associated individuals - especially 
when such persons are in a high risk group). Alternatively, the interval over 
which dosing is continued may extend for several days, such as an interval 
over which it is known that influenza infections generally endure. Additionally, 
the interval may be chosen to extend for a certain period beyond the length of 
time that an influenza infection generally endures, in order to ensure the 
complete effectiveness of the anti-influenza treatment method of the 
invention. 

In general, the amount of compound [I) included in a particular dosage 
form, the number of times per day that the dosage form is administered, and 
the duration of this regime of dosing are all determinable by routine clinical 
and diagnostic methods such that the dosing is effective to attenuate, 
ameliorate, and ultimately to eliminate the influenza infection in the subject. 
In general, doses of compound [I], or its pharmaceutical acceptable salts, 
ranging from about 0.1 to about 750 mg/kg body weight per day may be used. 
Preferred doses are about 0.5 to about 60 mg/kg body weight per day; even 
more preferred are doses of about 1 to about 20 mg/kg body weight per day. 

Treatment is preferably commenced before, at the time of, or as soon 
as possible after, infection and continued at least until the virus is no longer 
detectable in the respiratory tract. A suitable treatment regime, for example, 
would consist of one to four doses per day for at least three days, and 
preferably for about five to about seen days, post-infection . Of course, 
longer treatment durations can be used and, in some cases, will be preferred. 

It is shown in the Examples that compound [I] effectively reduces the 
morbidity of cells in tissue culture infected with any of three strains of 
influenza A or influenza B tested. Compound [I] is also effective in reducing 
the titer of influenza virus present in cultures of infected cells. In contrast, it 
was found that no effect was observed when compound [I] was tested against 
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cells infected with a rhinovirus. a parainfluenza III virus, a respiratory 
syncytical virus, and an adenovirus. It is believed that the prior art offers no 
indication of the selectivity of the effectiveness of compound [I] with respect to 
.nfluenza. and its lack of effectiveness against several other viruses. The 
eii-ciiveness of compound [I] against influenza virus is therefore unexpected 
by a worker in the field of clinical virology. 

The following examples are intended to illustrate the invention and not 
to limit it. 

Example 1 Fflert of com pound HI o n cells infers H th a stra in of 
iOfluenzaA. A cytopathic effect (CPE) assay was undertaken using MDCK 
cells .nfected with influenza A/Shangdong/09/93 (H3N2). Tne MDCK cells 
were obtained from American Type Culture Collection (Manassas. Virginia) 
The cells were cultured in a minimum essential medium and incubated at 
37°C in a 5% C0 2 atmosphere. Seven one-half log 10 dilutions of compound [I] 
were added to cell monolayers; the virus was added within 5 minutes and the 
plates were sealed for incubation. Positive control experiments were run in 
parallel using ribavirin (1-(P-D-ribofuranosyl)1.2,4-triazoie-3-carboxamide) 
-nstead of compound [I]. About 72 to 168 hours after infection, neutral red 
dye was added to the medium. Cells not damaged by virus take up a greater 
amount of the dye. The amount of dye take up by the test cells or the positive 
control cells was read using a computerized microplate autoreader (EL308 
Bioteck-lnstrument Inc.. Winooski. Vermont). An effective concentration for 
.nh.b.tion of a virally-induced cytopathic effect is indicated as a concentration 
of the drug providing 50% diminution in cytopathicity (IC 50 ). 

The results are shown in Figure 1. It is seen that compound [I] 
inhibited influenza A-induced cytopathicity in a dose dependent fashion, with 
an IC 50 of 6.8 ug/mL. The positive control, ribavirin had an IC 50 of 18 ug/mL. 

Reference Fxample 1 Fffect of compn. ,nd f n Qn rpllg inWfoH - |h 
various viruses . The inhibition by compound [I] of a cytopathic effect induced 
by rhmovirus (strain Norman), parainfluenza III (strain 14702), respiratory 
syncytial virus (strain A2), and adenovirus (strain G5089) was separately 
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tested in analogous fashion as in Example 1 . Compound (I] was inactive 
against these viruses. 

Example 2. Effect of comp ound fl) on cells infected with a different 
strain of influenza A . Evaluation of the antiviral effect of compound [I] against 
another strain of influenza A (influenza A/PR/8/34 (H1N1)) was conducted 
using the same procedure as in Example 1. The results, shown in Figure 2, 
indicate that compound [I] inhibits influenza A/PR/8/34 in a dose dependent 
fashion. In this experiment compound [I] was slightly less active than 
ribavirin. The IC 50 values were 1 3 and 5.6 ug/mL for compound [I] and 
ribavirin, respectively. 

Example 3. Effect of com pound \\] on cells infected with influer.ya 
B/Honq Konq/5/72 . To evaluate the effect of compound [I] on an influenza B 
virus, Hong Kong/5/72 strain was used. The experiment was again 
conducted using the CPE assay system in MDCK cells. The results are 
shown in Figure 3. It is seen that compound [I] inhibits influenza B/Hong 
Kong/5/72 in a dose dependent fashion. In this experiment compound [I] was 
slightly less active than ribavirin. The IC 50 values were 16 and 5.2 pg/ml for 
compound [I] and ribavirin, respectively. 

Example 4. Anti-Influenza A Effect Using Viral Yield Assay System 
Compound [I] was evaluated for antiviral activity in a viral yield assay. 
Influenza A/Shangdong/09/83 (H3N2) virus was used in the assay system. 
Briefly, the growth medium was decanted and the various dilutions of 
compound [I] were added to each well (6 wells/dilution, 0.1 mL/well). Four 
wells for each dilution of compound [I] and ribavirin were test wells to which 
virus was added, and 2 wells for each dilution of the compounds were toxicity 
control wells in which cells were present but to which no virus was added. 
Virus dilution medium was also added to cell control wells, to which no 
compound was added, at 0.1 mL/well. Virus was added approximately 5 min. 
after compound addition. The plates were sealed with plastic wrap (Saran™) 
and incubated at 37°C in a humidified incubator with 5% C0 2 , 95% air 
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atmosphere until virus control wells had adequate cytopathic effect (CPE) 
readings. This was achieved after 72 hours. 

Cells were then examined microscopically for CPE, this being scored 
from 0 (normal cells) to 4 (maximal, 100% CPE). The cells in the toxicity 
control wells were observed microscopically for morphologic changes 
attributed to cytotoxicity. This observed cytotoxicity is graded at T (100% 
toxicity, complete cell sloughing from plate), P VH (80% cytotoxicity), P H (60% 
cytotoxicity), P (40% cytotoxicity), P SI (20% cytotoxicity), and 0 (normal cells). 
The medium and the cells from each test well were then harvested and all 
replicate samples were pooled. After one cycle of freeze/thaw to break up the 
cells, the medium and the cells from each test well were assayed for virus titer 
by inoculating varying 10-fold dilutions into microplate wells containing 
established monolayers of MDCK cells. Each dilution was assayed in 
triplicate. The plates were incubated at 37°C until read for viral CPE at three 
and six days after inoculation of samples. Virus titers at each level of 
compound treatment were determined and the log of selected titers 
bracketing the 90% reduction value (one log below the virus control titer) was 
plotted versus the respective compound concentrations. A curve was fitted to 
the graphed points and the formula of the fitted curve was used to calculate 
the concentration of compound providing 90% reduction of virus titers when 
compared with the titer of the virus controls. This concentration was 
designated the IC go value (inhibitory concentration giving 90% reduction in 
virus titer). The IC 50 and 50% cytotoxic concentration (CC 50 ) were calculated 
by regression analysis of the virus CPE data and the toxicity control data, 
respectively. The selectivity index (SI) for each compound was calculated by 
the formula SI = CC 50 /IC 50 . The known antiviral compound, ribavirin (1-B-D- 
ribofuranosyl-1,2,4-triazole-3-carboxamide), was run in parallel with 
compound [I]. 

The results for the viral titer assay are given in Figure 4. The inhibition 
curve found for compound [I] is very unusual, because the reduction of the 
viral titer was not fully dose-dependent. The best effect was observed at the 
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middle of the concentration range tested (1-10 ug/mL). In the same 
experiment, ribavirin reduced the viral titer in a well-behaved dose dependent 
manner. The data show, nevertheless, that the IC 90 values for compound [I] 
and ribavirin are comparable. The results for the pharmacological parameters 
defined above are tabulated in the following Table: 



Table. Antiviral activity of compound [I] 





'Cgo, Mg/mL 


cc so> Mg/mL 


IC 50 , pg/mL 


SI 


Compound [I] 


7.5 


>316 


6.8 


>4.6 


Ribavirin 


8.5 


>100 


18 


>5.6 
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